Introduction
Loess Plateau is located in arid and semi-arid area of China. It faces too many problems such as low vegetation cover, water scarcity and severe soil erosion and so on. Lots of the problems were affected by the precipitation. The precipitation is also one of the major factors limited agricultural and forestry productivity. Fierce human activities increase the possibility of abrupt changes in climate [1] . It is a meaningful work to find out the regulation of the precipitation in Loess Plateau.
Mann-Kendall trend test is a non-parametric, rand-based method for assessing the significance of trends in time-series data such as water quality, streamflow, *Corresponding Author. Email: sungj@lzu.edu.cn temperature, and precipitation [2] . Not only can examine the trends in time-series decline or increase, but also reflect the degree of changes, Mann-Kendall trend test could be a very good description of the characteristics of the time-series trend. Now, the Mann-Kendall trend test has been widely used and tested as an effective method to evaluate a presence of a statistically significant trend in hydrological and climatological time series [2] [3] [4] . In the study, we use this method to test trends on precipitation in Loess Plateau from 1958 to 2007. The Sliding t-test [5] was used to detect the abrupt changes in the study. 2 Study area and data processing
Loess Plateau
The Loess Plateau is a subsystem of mutually interlinked and feedback system of northwest Gobi desert, middle Loess plateau and east alluvial plain [6] . It is located in the middle reaches of the Yellow River and extends 7 latitudes (35-41°N) and 13 longitudes (102-114°E), with total area of more than 630,000km
2 and a population of 86 million. The plateau area is 1000-1600 m above sea level and surface is covered by an average 100-meter thickness of loess-paleosol layers. The Loess Plateau belongs to the continental monsoon region with annual average temperature of 4.3℃ in northwest and 14.3℃ in southeast. Annual precipitation ranges from 300mm in northwest to 700mm in southwest [7] . There is much sunshine in the Loess Plateau.
The soil erosion rate on the Loess Plateau of China is among the highest in the world.
Loess Plateau contains arid and semi-arid regions; the eco-environment is fragile.
Precipitation data
The precipitation data were downloaded from China Meteorological Data Sharing Service System. The time series of annual precipitation records at 42 meteorological stations were used in this study from 1958 to 2007. The stations in the Loess Plateau
were shown in Fig.1 . 
Methods

Mann-Kendall method
The non-parametric Mann-Kendall method was used to assess the significance of a trend, and originated from Mann (1945) [8] and rephrased by Kendall (1948) [9] . The test statistic is calculated as follows:
Where n is the length of the data set, and x is the data point at time i and j, and 1 0
For independent, identically distributed random variables with on tied data values:
When some data values are tied, the correction to Var(S) is:
Where t i is the number of ties of extent i. The standardized test statistic Z is computed by:
The standardized MK statistic Z follows a standard normal distribution with mean of zero and variance of one under the null hypothesis of no trend. A positive Z value indicates an upward trend, whereas a negative one indicates a downward trend. The p value (probability value p) of the MK statistic S of sample data can be estimated using the normal cumulative distribution function:
where
If the p value is small enough, the trend is quite unlikely to be caused by random sampling. At the significance level of 0.05, if p ≤ 0.05, then the existing trend is assessed to be statistically significant [10, 11] .
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One moment is set to be a reference point in time series "x" with a sample size "n".
The two subsequences before and after the reference point were defined to be x 1 and 3 Results and discussion
The spatial structure of the precipitation
The linear regression was used to detect the relationship between the average rainfall for this 50 years and longitude, latitude, elevation (Fig.2) . The results presented that the average precipitation was linear positively related to the longitude, but it is not significant. The average precipitation was not the linear relation with the latitude or the elevation. It was suggested that the spatial differentiation of the precipitation was not significant on the Loess Plateau from1958 to 2007.
6 / 13 Fig. 2 Relationship between the average rainfall and longitude, latitude, elevation in Loess Plateau, the linear models and R 2 also gave in the figure.
Trend analysis and abrupt changes
The non-parametric Mann-Kendall method was used to assess the significance of the trend of precipitation. By this method the significant trends were detected for 42 time series of annual precipitation for different stations in the Loess Plateau (Fig. 3) . (Fig.4) . The t-test in 1987 reached the significant level (t i < -t 0.05 ) which revealed the abrupt change was from less to more.
In 1992, t i > t 0.05 , i.e. the abrupt change was from more to less. The situation in 2001 was similar to that in 1987. Because the choice of n 1 and n 2 are man-made, the results may drift. In order to avoid this situation, the n should be chose combined with specific needs, and constantly changes, so as to enhance the reliability of the results. The n 1 =n 2 =5, n 1 =n 2 =7, n 1 =n 2 =10, n 1 =n 2 =11 and n 1 =n 2 =12 were chose in the study (Tab.1). By comparing, 
Conclusions
In this study, the Mann 
